A new high-performance liquid chromatography coupled with mass spectrometry (HPLC-MS) method has been developed for the simultaneous determination of nine major compounds, namely chlorogenic acid (1), caffeic acid (2), sweroside (3), loganin (4), secoxyloganin (5), 3,5-di-O-caffeoyl quinic acid (6), luteolin-7-O-glucoside (7), rutin (8) and 3,4-di-O-caffeoyl quinic acid (9), in Caulis Lonicerae Japonicae (CLJ), a commonly used traditional Chinese medicinal herb. The separation was achieved on a C-18 column (250 × 4.6 mm, 5.0 µm) with a column temperature of 30 o C and a flow-rate of 0.8 mL/min. The mobile phase was composed of (A) aqueous formic acid (0.1%, v/v) and (B) methanol, using a gradient elution of 30% B for 0-13 min, 30-40% B for 13-17 min, and 40-49% B for 17-30 min. The limit of detection (S/N = 3) ranged from 0.8 to 5.1 ng/mL and the limit of quantification (S/N = 10) varied from 3.4 to 16.9 ng/mL. All calibration curves showed good linear regression (r 2 > 0.9976) within the test ranges. The intra-and inter-day precisions, as determined from sample solutions, were below 2.2 and 4.3%, respectively. The recoveries for nine compounds were within 91.3 and 104.2%. This proposed method has been successfully applied to evaluation of commercial samples of CLJ from different markets in China, which provides a new basis of assessment of the quality of the herbal drug.
The flowers and buds of Lonicera japonica Thunb., a well-known medicinal plant belonging to the family Caprifoliaceae, are used for their latent-heat-clearing, antipyretic, detoxicant and anti-inflammatory properties, with the Chinese name of Jinyinghua [1] . Apart from the flowers and buds, the stems and branches are also documented in Chinese herbal medicine as Caulis Lonicerae Japonicae (CLJ, and Rendong-Teng in Chinese) and have been used since ancient times for the treatment of acute fever, headache, respiratory infection and epidemic diseases [2] . Previous chemical and pharmacological studies have demonstrated that CLJ mainly contains three types of active components, including phenolic acids, iridoids and flavonoids [3] [4] [5] .
Despite the popularity of usage, relevant quality control methods for CLJ are very limited. It is well known that the curative effect of TCM is due to an integrative outcome of a number of bioactive compounds. With respect to CLJ, the phenolic acids and flavonoids possess anti-inflammatory and antioxidant properties [6, 7] , and the iridoids show hepatoprotective activity [8] , synergistically contributing to the overall curative effect of CLJ. Therefore, the simultaneously quantitative determination of phenolic acids, iridoids and flavonoids would be helpful to control the quality of CLJ. However, in the literature, quality assessment of CLJ always relied on either chlorogenic acid [9, 10] or sweroside and loganin [11] as the marker compounds. Moreover, chlorogenic acid, sweroside and loganin are commonly found in other medicinal plants and were not specific enough for quality assessment of CLJ. Very recently, a highperformance liquid chromatography (HPLC) method [12] has been established in our laboratory for the simultaneous analysis of seven components, including chlorogenic acids, iridoids and flavonoids in CLJ. In this proposed method, nevertheless, the UV detection wavelength was solely set at 245 nm to monitor the seven analytes, which actually show different UV absorption characteristics, and thus the sensitivity of the method was considerably harmed. Moreover, the chromatographic peaks were identified only by comparing their retention times with those of standards, which had the risk of possible error in identity arising from the co-elution phenomenon from a complex matrix.
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Recently, HPLC coupled with mass spectrometry (MS), showing exclusive advantages such as high resolution, high sensitivity and high selectivity in comparison to conventional HPLC-UV, is increasingly being employed as a powerful tool for multiple-compound analysis of medicinal plants [13] [14] [15] [16] . Therefore, in this study, a highly sensitive HPLC -MS method was developed, for the first time, for the simultaneous qualitative and quantitative analysis of nine bioactive compounds [chlorogenic acid (1) , caffeic acid (2), sweroside (3), loganin (4), secoxyloganin (5), 3,5-di-O-caffeoyl quinic acid (6), luteolin-7-O-glucoside (7), rutin (8) and 3,4-di-Ocaffeoyl quinic acid (9) ] in CLJ.
In order to obtain satisfactory chromatographic conditions for the experiment, different compositions of mobile phase were tried. As a result, a binary mixture of methanol and 0.1% aqueous formic acid was chosen as the eluting solvent system. Under the optimal chromatographic conditions, each peak of interest obtained a good shape and reasonable resolution within the run time of 30 min, except that 3,5-di-O-caffeoyl quinic acid (6) and luteolin-7-Oglucoside (7) could not be eluted with baseline separation. Fortunately, HPLC-MS gives both chromatographic and mass separation, which has the benefit of distinguishing the compounds in overlapping peaks. When two co-eluted compounds produce different m/z ratios, their detection and accurate quantification can be achieved through two channels of selected ion monitoring (SIM) data acquisition mode. As the negative ESI-MS mode gave a stronger response for the three types of compounds and an acceptable background, this mode was finally selected. Due to the presence of either free carboxyl or aromatic hydroxyl groups in the skeletons of compounds 1, 2, 5, 6, 7, 8 and 9, the corresponding deprotonated molecular ions
-were observed as the base ions. With respect to compounds 3 and 4, the solvent adducts [M+HCOO] -were detected as base ions. Thus either the molecular ion or solvent adduct was chosen for To improve quantification precision and repeatability with a mass spectrometer as detector, an internal standard method was developed for this study. As three chemical classes were to be analyzed simultaneously, the search for internal standards representing each of the three classes of compound (flavonoids, iridoids and phenolic acids) would be difficult. We eventually used one compound (calycosin-7-O-glucoside) as the internal standard for all the determinations, and the method was fully validated with satisfactory linearity, sensitivity, precision, accuracy and stability. All calibration curves exhibited good linear regressions (r 2 > 0.9976) within a relatively wide concentration range ( Table 1 ). The limit of detection and quantification a y: relative peak area = peak area of analyte / peak area of internal standard; x: concentration of the analyte (μg/mL). Table 2 ). The results of stability tests indicated that the analytes in sample solution were rather stable for 24 h (RSDs < 3.46%).
This newly verified HPLC method was subsequently applied to the simultaneous determination of the nine major active components in ten commercial CLJ samples obtained from local markets all around China. Their contents are summarized in Table 3 . It can be seen that iridoids and phenolic acids were present in relatively high concentrations, while the flavonoids (rutin and luteolin 7-O-glucoside) were present in low concentrations. Although the whole HPLC-MS chromatograms of the different samples were generally alike, the contents of investigated analytes were highly variable. One of the commercial products showed a nearly 30-fold higher content of sweroside than the others [sample 3 (2.48 mg/g) versus sample 6 (0.08 mg/g)]. Similarly, the contents of the other detected compounds were greatly variable, indicating that the quality of commercial CLJ was not homogeneous.
In conclusion, a rapid, selective and sensitive HPLC-MS method was developed for a simultaneous determination of nine bioactive compounds, with different structures, in a single run. Additionally, the verified method was applied to quantification of analytes in commercial CLJ samples. The analytical results indicated that this method could be readily utilized as an effective means for quality control of this herbal drug.
Experimental
Standards and reagents: Nine reference compounds, namely chlorogenic acid (1), caffeic acid (2), sweroside (3), loganin (4), secoxyloganin (5), 3,5-di-O-caffeoyl quinic acid (6), luteolin 7-O-glucoside (7), rutin (8) and 3,4-di-O-caffeoyl quinic acid (9), were isolated from L. japonica by a series of chromatography procedures in our laboratory, and their structures were elucidated by comparison of spectral data (UV, IR, MS, 1 H NMR and 13 C NMR) with that in the literature [8, [17] [18] [19] [20] . The purity of each compound was determined to be above 98% by HPLC analysis. HPLC grade acetonitrile was purchased from Merck (Darmstadt, Germany); distilled water was further purified by Milli-Q system (Millipore, Milford, MA, USA); acetic acid was from the First Chemical Company of Nanjing (Nanjing, China). 
Samples

Preparation of standard solutions:
A mixed standard stock solution containing nine reference compounds was prepared by accurately weighing the compounds and dissolving them in methanol. Working standard solutions were prepared by diluting the mixed standard solution with methanol to give six different concentrations for preparing calibration curves. The concentration of calycosin-7-O-glucoside, as the internal standard, was 16 μg/mL for all analyses. The standard stock and working solutions were all prepared in dark brown calibrated flasks and stored at 4ºC.
Preparation of sample solutions:
The samples were powdered to a homogeneous size in a mill, sieved through a No. 40 mesh, and dried at 60 o C in an oven for 3 h. The accurately weighed powder (1.0 g) was suspended in 25 mL 50% methanol (v/v), ultrasonically extracted for 45 min, and then cooled at room temperature; 50% methanol was added to compensate for the lost weight. A 1 mL portion of the extract was added to 20 μL of the internal standard solution, and then diluted with 50% methanol to 2 mL. The solution was filtered through a 0.45 µm membrane prior to HPLC.
Linearity, LOD and LOQ: An aliquot (5 µL) of each mixed standard working solution was subjected to HPLC analysis in triplicate. The calibration curves were constructed by plotting the relative peak area (Ar) versus the concentration of standards; Ar is defined as the peak area ratio of the corresponding standard to the internal standard.
The lowest concentration of working solution was diluted with methanol to yield a series of appropriate concentrations. LOD and LOQ under the chromatographic conditions were separately determined, in triplicate, at a signal-to-noise ratio (S/N) of 3 and 10, respectively. Precision, accuracy and stability: Measurement of intra-and inter-day variability was chosen to determine the precision of this assay. The intra-day variation was determined by analyzing, in triplicate, the same mixed standard methanol solution six times within one day. For the inter-day variability test, the solution was examined, in triplicate, on three consecutive days. The relative standard deviations (RSDs) of the Ar were taken as measures of precision.
The recovery study was conducted on a sample (sample 5, Hangzhou, China) spiked with different concentration levels, namely 50, 100 and 150% of known amounts of the nine standards in the sample. The average percentage recoveries were evaluated by calculating the ratio of detected amount versus the added amount.
The stability of the sample solution was tested at 4ºC. The sample solution was analyzed, in triplicate, at time intervals of 0, 4, 8, 12, 16, 20 , and 24 h in one day. Variation was expressed as RSD.
Sample analysis: Samples of CLJ from different drug stores were prepared as described above. An aliquot of 5 µL sample solution was injected into the instrument. Peak identification was accomplished by a combination of comparison of the retention time and MS data with those of standards.
